Purpose: The present study is aimed at examining the drying characteristics of sea tangle through a combination of microwave and far-infrared drying experiment and finding the optimal drying conditions. Methods: Sea tangle was cleaned and cut into fine pieces (5mm) before they were subjected to combinational drying by microwave and far-infrared ray. The amount of specimen per drying is 2 kg. The finely cut pieces of sea tangle were preheated in a microwave dryer for three different lengths of time (10, 15, and 20 min). Subsequently, they were dried using a far-infrared dryer at tow temperatures (90°C and 100°C) at an air velocity of 0.8 m/s until the final moisture content reduced to 10%. Results: Sea tangle dried under the condition of 20 min of preheating in the microwave dryer and drying at 100°C by the far-infrared dryer. Of the drying models verified in this study, the logarithmic model showed high accuracy with the coefficient of determination R 2 >0.7825 and RMSE <0.1095. The rehydration ratio of sea tangle was the highest (12.87 g water/g dry matter) under the condition of 15 min of preheating in the microwave dryer and drying at 100°C by the far-infrared dryer. The energy consumption for the combination of microwave and far-infrared drying was the lowest (4.78 kJ/kg water) under the condition of 20 min of preheating in the microwave dryer and drying at 100°C by the far-infrared dryer. Conclusions: Considering the drying time, discoloration during drying, rehydration ratio, and energy consumption for the drying of sea tangle, the optimal drying conditions for high-quality sea tangle are 15 min of preheating in a microwave dryer and drying at 100°C by a far-infrared dryer.
Introduction
Sea tangle belongs to the brown algae family, and is scattered in the Pacific coast, mainly in Korea, Japan, and the Kamchatka Peninsula. In Korea, it is largely collected in Geojedo Island, Jeju Island, Heuksando Island, and Wando. Sea tangle is known to be good for health, because it lowers blood pressure, reduces cholesterol, and mitigates constipation (Kang et al., 2014) . In addition, sea tangle is often used for fried kelp, tea, natural food, and various soups. In recent time, as people have more interest in health, the consumption of sea tangle is on a steady rise. The domestic production of sea tangle was 372,311 MT in 2014, second to laver (KSO, 2014) .
However, sea tangle has high moisture content (90%), so it is difficult to preserve or store it. Therefore, sea tangle is currently stored and distributed after it is dried to low moisture content by solar drying or hot air drying (Kang et al., 2014) . Solar drying and hot air drying do not require special facility; they can be readily used and are economical (Ning et al., 2014) . However, they are easily affected by climate conditions; it takes a long time to dry the products, and hence the products could be discolored by oxidation or photochemical reaction during drying. Moreover, these methods are likely to degrade the quality by destroying the nutritional components in the food (Ning et al., 2014) . Of the two drying methods, hot air drying is the most widely used method to dry sea tangle. It has a shorter drying time than solar drying, but its energy efficiency is low, and the hot air can change the scent of sea tangle and destroy its inorganic ingredients. In addition, it has problems of case hardening and low restoring force (Lee et al., 2000) . Microwave drying method is characterized by low energy loss and high heating efficiency. Besides, it can sterilize dry foods (Ning, 2012) . On the other hand, far-infrared drying has high thermal efficiency, and hence it rapidly raises the internal temperature of the product being heated, resulting in faster drying of the product than with hot air drying (Lee, 2015) . Several research work have been conducted on some agricultural products to examine the combinational characteristics of microwave drying and vacuum drying (Kum et al., 1999) and hot air drying and microwave drying (Sharma and Prasad, 2001; Kim et al., 2003; Kassem et al., 2011) . These researchers have reported that the combined drying methods can produce high quality of dried product as well as save drying time. However, insufficient number of studies has been domestically carried out on the combinational drying using microwave and far-infrared rays; no work has been reported on the drying of sea tangle with combined drying using microwave and far-infrared rays.
Therefore, the objective of this study was to evaluate the drying characteristics of sea tangle using combined microwave and far-infrared drying technique and establish the optimal drying conditions.
Materials and Methods

Sample
Sea tangle collected in Wando, Jeollanam-do Province, was used in the experiment. Its initial average moisture content was approximately 92.1%, w.b. (expressed as '%' hereafter). In addition, the initial average color of sea tangle before drying was as follows: the value of L (luminosity), a (redness), and b (yellowness) were 22.357, -2.002, and 0.468, respectively. Figure 1 shows the sea tangle before and after drying.
Experimental devices and methods
Figures 2 and 3 show the schematic diagram of a microwave drying equipment and a far-infrared dryer, respectively, used in this sea tangle drying experiment. In Figure 2 , the size of the microwave dryer is 9,000× 1,500×1,200 mm (L×H×W) and is composed of a microwave radiator (2M244-Ml, 1 kW), a transformer, shield chambers, and a control panel. The far-infrared dryer (Figure 3) is 5,500×1,800×900 mm (L×H×W) in size, and consists of a far-infrared ray radiator (MEP-550, Restoration, Hwaseong, Korea), drying chambers, air blower fan (DTB-420, Dongkun, Korea), and a control panel.
Sea tangle was cleaned and cut into fine pieces (5 mm) by a cutting machine before it was exposed to the combinational drying using microwave and far-infrared rays. The pieces were stacked 2 cm high on a conveyer belt and preheated by a microwave dryer for three different time durations (10, 15, and 20 min) . Then, the preheated sea tangle was dried by the far-infrared dryer at temperatures of 90°C and 100°C at an air velocity of 0.8 m/s until the moisture content reduced to 10%. The test conditions
